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This pa per deals with the in tro duc tory as pects of the Elec tro chem i cal Etch ing Lab o ra -
tory in  stalled at the VIN^A In  sti  tute in the year 2003. The main pur  pose of the lab  o  -
ra  tory is its field ap  pli  ca  tion for ra  don and thoron large-scale sur  vey us  ing pas  sive ra  -
don/thoron UFO type de  tec  tors. Since the etch  ing tech  niques to  gether with the
lab o ra tory  equip ment  were  trans ferred  from  the  Na tional  In sti tute  of  Ra dio log i cal
Sci ences,  Chiba, Ja  pan, it was nec  es  sary for both etch  ing con  di  tions to be con  firmed
and to be checked up,  i. e., bulk etch ing speeds of chem i cal etch ing and elec tro chem i cal 
etch ing  in  the  VIN^A  Elec tro chem i cal  Etch ing  Lab o ra tory  itself.  Be side  this  ini tial
step, other concerns were taken into con  sid  er  ation in this pre  lim  i  nary ex  per  i  men  tal
phase such as the fol  low  ing: the mea  sur  able en  ergy range of the polycarbonate film,
back  ground etch pit den  sity of the film and its stan  dard de  vi  a  tion and reproducibility
of the re  sponse to al  pha par  ti  cles for dif  fer  ent sets of etch  ings. 
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INTRODUCTION
In the pe  riod from 1998 to 2000 in  door ra  -
don and thoron mea  sure  ments were car  ried out by
VIN^A In  sti  tute in Gornja Stubla field – in
Kosovo and Metohia Prov  ince [1-5] by pas  sive ra  -
don UFO type de  tec  tors de  signed and pro  duced in
1992  at  the  Na tional  In sti tute  for  Ra dio log i cal  Sci -
ences (NIRS), Chiba, Ja  pan [6]. The re  sults ob  -
tained showed there were both high ra don and high
thoron  lev els  in  Yu go sla via  [7].
Un der  the re search agree ment  on co op er a tion
be tween  NIRS and VIN^A In  sti  tute signed in
2002, the laboratory equip  ment was brought by
NIRS in the same year, and in the year 2003 the
Lab o ra tory for elec tro chem i cal etch ing (ECE Lab -
o  ra  tory) was founded af  ter the ren  o  va  tion of an
old lab  o  ra  tory at the VIN^A In  sti  tute. Since the
pro posed  etch ing  con di tion  for  ra don/thoron
discriminative pas  sive UFO type de  tec  tors re  -
quires room tem  per  a  ture to be main  tained at 30
de grees Cel sius, the walls and win dow of the room
were re  con  structed in or  der to have the nec  es  sary
high  en ergy  in su la tion  ca pa bil ity.  New  elec tric
power lines were in  stalled to pro  vide suf  fi  cient
power sup ply for the equip ment. The sink was also 
re newed to be able to han dle etch ing cell units used 
for  the  chem i cal  and  elec tro chem i cal  etch ing.
Af ter the trans fer of the ECE Lab o ra tory from 
NIRS to VIN^A In  sti  tute it was nec  es  sary to con  -
firm re  li  abil  ity of the lab  o  ra  tory in the new con  di  -
tions.  The  char ac ter is tics  of  the  elec tro chem i cal
etch  ing pro  ce  dure used is an es sen  tial in the pro  cess
of en  large  ment of la  tent al  pha par  ti  cles tracks. The
com plete  ex per i men tal  pro ce dure  per formed  in
NIRS in Ja pan [8] was re peated in the new en vi ron -
ment at VIN^A In sti tute with a few new ad di tional 
fea  tures. It should be noted that the pro  cess of elec  -
tro  chem  i  cal etch pit for  ma  tion is still not com  -
pletely  un der stood [9].
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The main goal of the lab o ra tory is to carry out ra -
don/thoron mea  sure  ments, for this pur  pose the UFO
type of pas sive de tec tor was de vel oped. This UFO type
de  tec  tor, fig. 1, which was used in Jap  a  nese na  tional
pro  gram of ra  don sur  vey [10, 11], con  sists of two
hemi spheres.  One  polycarbonate film is placed in each
hemi sphere. In the up  per, larger thoron and ra  don (Tn
& Rn) hemi  sphere, the film de  tects both ra  don and
thoron with their prog  e  nies. The smaller, ra  don (Rn)
hemi  sphere is con  nected to the larger hemi  sphere
through a sin  gle pin  hole with di  am  e  ter of 1 mm. Dif  -
fu  sion to the Rn hemi  sphere is small enough to prac  ti  -
cally pre vent thoron from en ter ing the hemi sphere, be -
cause of its short half-life of 55 sec  onds. Ra  don with
lon  ger half-life of 3.8 days eas  ily en  ters the Rn hemi  -
sphere. There  fore, the film in the Rn hemi  sphere de  -
tects only ra  don and its daugh  ters.
The  al pha  par ti cles  orig i nat ing  from  thoron
al  pha de  cay have higher en  ergy than the ones orig  i  -
nat  ing from ra  don al  pha de  cay. The films from Rn
hemi  sphere are etched for 0.5 h of chem  i  cal
pre-etch  ing and 3 h of elec  tro  chem  i  cal etch  ing (re  -
sult ing  en ergy  win dow  0.85-2.7  MeV). The films
from Tn & Rn hemi sphere are etched for 3 h of chem i -
cal etch ing (CE) and 3 h of elec tro chem i cal etch ing (re -
sult ing  en ergy  win dow  2.5-4.0  MeV)  [12].
Iupilon  polycarbonate films (Mitsubishi Gas
Chem i  cal Com  pany, Inc., Ja pan) were used in the ex -
per  i  ments. The  films  are  round in shape with a di  -
am  e  ter of  50 mm and a thick  ness of 300 mm. The
sen  si  tive side of  the  film is cov  ered with a 50 mm
thick foil. The pur  pose of the foil is both to pro  tect
the film from  me  chan  i  cal  dam  age  and  al  pha ra  dio  -
ac tiv ity  in  the  en vi ron ment.  The  chem i cal  form  of
polycarbonateis–[-O-C6H4C-(CH3)2C6H4OCO-]n-. 
The etch  ing so  lu  tion used  in  the  ex  per  i  ment  was
8N  KOH (80% vol  ume frac  tion) and C2H5OH
(20%  vol  ume  frac  tion). The  con  di  tion for etch  ing
of polycarbonate films for ra  don and thoron mea  -
sure  ments is room tem  per  a  ture of 30 °C. A so  lu  tion
of 1N KOH is used only as a con  duc  tor on the other
side of the films, al  low  ing ap  pli  ca  tion of high elec  tri  -
cal fields on the polycarbonate films.
The power sup  ply for etch  ing cells is 800 V
and 2 kHz, and it is used dur ing the elec tro chem i cal
etch  ing pe  riod. Be  side the power sup  ply unit, there
is a con  trol unit whose ma  jor pur  pose is to shut
down the power sup  ply only to a dam  aged etch  ing
cell in case of a short-out. The short-out oc  curs for
two  ma jor  rea sons;  com plete  di elec tric  break -
through of polycarbonate film and be  cause of the
leak  age of so  lu  tion from cells. In this case the con  -
trol unit cuts the power sup  ply only in these cells
and in other cells etch  ing con  tin  ues un  dis  turbed. A
cir cu lar shaped area of film with di am e ter of 32 mm
is etched.
EXPERIMENTAL EXERCISE
A mass mea sure ment method was used for the 
es  ti  ma  tion of bulk etch  ing rate. The mass of two
sets of 20 films was mea  sured, be  fore and af  ter the
chem i cal  and  elec tro chem i cal  treat ment.  Bulk  etch -
ing rate was eval  u  ated from the weight dif  fer  ence.
In  or der  to  es ti mate  tem per a ture  de pend ence  of
bulk etch ing rate, mea sure ments were car ried out at
tem  per  a  tures of 20, 25, and 30 °C. Prior to
aplanned etch ing, all equip ment and so lu tions were
kept over  night at a spec  i  fied tem  per  a  ture, as one of
the stan dard pro ce dures trans ferred from NIRS. All 
these pre  cau  tions were taken in or  der to en  sure that
the  spec i fied  tem per a ture  is  achieved,  be cause
chem i cal  and  elec tro chem i cal  bulk  etch ing  rates  are
mostly  tem per a ture  de pend ent.  The  eth a nol  frac -
tion de  pend  ence of bulk etch  ing rate was es  ti  mated
at 20, 40, and 60% of the vol  ume frac  tion of eth  a  -
nol in the etch  ing so  lu  tion.
For es  ti  ma  tion of the bulk etch  ing rate of
chem  i  cal etch  ing, films were etched for be  tween 4
and 5 hours. Pouring etchant into the cells
takes 2 minutes. It was con  sid  ered that the mid  -
dle of this pe  riod (1 min  ute af  ter the ini  ti  a  tion)
was to be the start time of the etch  ing pro  cess. A
very im  por  tant mat  ter in this method of mea  sur  -
ing chem  i  cal bulk etch  ing rate was man  ual shak  -
ing of the etch  ing cells for at least 10 min  utes be  -
cause air bub  bles might be formed dur  ing the
pour  ing of the etchant into the cells. The same
method was ap plied for the es ti ma tion of the elec -
tro chem i cal bulk etch ing rate as well. The elec tro -
chem i cal  etch ing  pro cess  was  per formed  af ter  15
min  utes of chem  i  cal etch  ing. These 15 min  utes of
the  chem i cal  etch ing  are  un avoid able,  be cause  the
pour  ing of the etchant into cells and the shak  ing of
cells was time con  sum  ing, and they were not per  -
formed  dur ing  the  elec tro chem i cal  etch ing.  Af ter
15 min  utes of chem  i  cal etch  ing, films were elec  tro  -
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Fig ure  1.
Discriminative
ra don  passiv UFO 
type  de tec torchem  i  cally etched for around 4 hours. The elec  tro  -
chem  i  cal bulk etch  ing rate was then es  ti  mated from
the weight dif  fer  ence tak  ing into ac  count the 15
min utes  of  chem i cal  etch ing.
Two stan  dard sources of Am-241 were used
for ir  ra  di  a  tion of films with the ac  tiv  ity of
2321±20  Bq and 1400±20 Bq re spec tively. For the 
pur pose  of  en ergy  win dow  es ti ma tion,  var i ous  dis -
tances be  tween the source and film were cho  sen in
or der  to  achieve  dif fer ent  en er gies  of  in ci dent  al pha
par ti cles.  Fluc tu a tion  of  in ci dent  al pha  en ergy  was
be  tween 2.5 and 5%.
RESULTS
The weight dif  fer  ence of the sets of 20 films,
be  fore and af  ter the etch  ing was from 200 mg to 400
mg, de  pend  ing on the con  di  tion of etch  ing (tem  -
per a ture, eth a nol frac tion). The ob tained bulk etch -
ing  rates  for  elec tro chem i cal  and  chem i cal  etch ing
were 4.07 mm/h and 4.26 mm/h, re spec tively at tem -
per a ture  of  30  °C and with so  lu  tion 8N KOH and
20% of eth a nol. The chem i cal bulk etch ing rate was
14% higher than that es  ti  mated in NIRS.
Higher bulk etch  ing rate re  sulted in shift  ing
the en  ergy win  dow, com  par  ing it with the one es -
ti mate  in  NIRS for ra  don and thoron mea  sure  -
ment by the UFO de  tec  tor. The nom  i  nal energy
win dows  es ti mate  in  NIRS were: 0.8-2.7 MeV, for
etch  ing of ra  don films (CE: 0.5 h + ECE: 3 h) and
2.5-4.0 MeV , for etch  ing of thoron films (CE: 3 h
+ ECE: 3 h). The  en ergy  win dows  es ti mated  in
VIN^A In sti tute were: for etch ing of ra don films
0.75-3.5  MeV and for etching of thoron films
3.0-4.6 MeV . Vari  a  tion of the reproducibility for
en  er  gies in the mid  dle of the en  ergy win  dow was
less than 3%, and for en  er  gies at the bor  ders of the
en ergy win dow was 20-40%. Con tri bu tion of bor -
der en er gies to the sen si tiv ity of the film for the ex -
pected whole en  ergy win  dow was 10%. Con  se  -
quently the over all vari a tion of reproducibility was 
es  ti  mated to be around 6%.
Back  ground etch pit den  sity for ra  don film
etching (CE: 0.5 h +ECE: 3 h) was 3.9±2.4 tracks/cm2.
For the thoron film (CE: 3 h + ECE: 3 h), back ground
etch pit den  sity was 4.0±2.4 tracks/cm2. For an etch  ing
with 0.25 h CE and then 3.9 h ECE, back  ground
etch pit den sity was 8.6±2.9 tracks/cm2. This leads to a 
con  clu  sion that 15 min  utes of chem  i  cal pre-etching is
not enough to erase me  chan i cal dam ages of the sur face
of the polycarbonate films.
A  lin ear  eth a nol  frac tion  de pend ence  of  the
bulk etch  ing rate in the range from 20% to 60% of
eth  a  nol frac  tion was ob served, fig. 2. The slope was
0.056 mm/h per one per  cent of frac  tion of eth  a  nol.
The lin ear ity does not ex  ist out  side of this range –
the bulk etch  ing rate drops to zero for 0% and
100% of eth  a  nol frac  tion. It was also ob  served that
the  lin ear  tem per a ture  de pend ence  of  bulk  etch ing
rate (fig. 3) has the slope of 0.236 mm/h°C.
CONCLUSION
The trans  fer of the ECE tech  nol  ogy from Ja  -
pan (NIRS) to Ser  bia and Montenegro (VIN^A
In sti tute)  was  com pleted  suc cess fully.  De spite  the
fact that all the known con  di  tions are the same,
there might ex  ist a dif  fer  ence in the ba  sic char  ac  ter  -
is tics  of  elec tro chem i cal  etch ing  when  the  trans fer
of tech  nol  ogy was car  ried out. The pres  ent cal  i  bra  -
tion fac  tors might be changed from the pre  vi  ous
ones. There  fore, it is nec  es  sary to con  duct cal  i  bra  -
tion ex  er  cises for our pres  ent etch  ing con  di  tions.
The VIN^A ECE  Lab o ra tory  has  the  po ten tial
to be a re  gional cen  ter for ra  don/thoron  pop u la tion
ex  po  sure in  ves  ti  ga  tion in the Bal  kans but also for sci  -
en  tific train  ing re  gard  ing fu  ture us  age of the elec  tro  -
chem i cal  etch ing  de vices.  In  ad di tion,  a  na tion wide
sur  vey of in  door ra  don/thoron  con cen tra tions  in  Ser -
bia is planned with spe  cial at  ten  tion be  ing de  voted to
high  nat u ral  ra di a tion  en vi ron men tal  re gions  and  also
to ex  po  sures in schools and kin  der  gar  tens.
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             Fig  ure 2. Eth  a  nol frac  tion de  pend  ence of the
             bulk etch  ing rate
     Fig  ure 3. Tem  per  a  ture de  pend  ence of the bulk
wwetch ing rateThe ECE Lab  o  ra  tory can also be used in other
ap pli ca tions,  such  as  neu tron  flux  mea sure ments,  neu -
tron  en ergy  spec trum  mea sure ments,  poly mer  lat tice
de fect  mech a nism  in ves ti ga tion,  and  de vel op ment  of
new  meth ods  for  ra di a tion  mea sure ments. 
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LABORATORIJA ZA ELEKTROHEMIJSKO RAZVIJAWE ^VRSTIH NUKLEARNIH
TRAG DETEKTORA U INSTITUTU »VIN^A«  – OSNOVNE
KARAKTERISTIKE I PRIMENA
U  radu se opisuje metodologija merewa koncentracije radona, torona i radonovih
potomaka u vazduhu zatvorenih prostorija koja se sprovodi u novoj Laboratoriji za
elektrohemijsko  razvijawe  nuklearnih  trag  detektora u Institutu „Vin~a” (ECE laboratorija).
Oprema za laboratoriju i metodologija merewa predstavqaju u potpunosti trans  fer tehnologije
Nacionalnog instituta za  radiolo{ke  nauke (Na tional  In sti tute  of  Ra dio log i cal  Sci ences), ^iba, Ja  pan.
Eksperimentalno su proverene osnovne karakteristike elektrohemijskog razvijawa polikar-
bonatnih  filmova u novim laboratorijskim uslovima u Institutu „Vin~a”, i to: brzina nagrizawa
povr{ine polikarbonatnih filmova hemijskim i elektrohemijskim putem za nominalne uslove,
brzina  nagrizawa  filmova u zavisnosti od tem per a ture i u zavisnosti od frakcije etanola u rastvoru
baze, zavisnost {irine i pozicije energetskog prozora za  detekciju  alfa ~estica na polikarbonatnom
filmu  pri  nominalnim  trajawima  hemijskog  i elektrohemijskog razvijawa, gustina fona i
ponovqivost  odziva  polikarbonatnog  filma  na  alfa ~estice. Ukratko su opisani instrumenti i
oprema  ECE  laboratorije,  polikarbonatni  filmovi  koji slu`e kao ~vrsti nuklearni trag detektori
za pasivni tip UFO radonskog detektora i mogu}nosti primene  elektrohemijske  metode  i same
laboratorije u osnovnom i primewenom istra`ivawu. 